instrumental in establishing that genes actually had roles in development and in founding the field of mammalian developmental genetics. Her career laid the ground work for the eventual integration of genetic and developmental studies through molecular biology.
Salome Gluecksohn-Waelsch published under four different names at different stages of her life and career: Salome Glücksohn, Salome Gluecksohn-Schoenheimer, Salome Gluecksohn-Waelsch, and Salome G. Waelsch. Among her colleagues and friends, she was almost universally known as Salome and so for the purpose of this biographical memoir, I have chosen to refer to her by her first name, out of friendship and respect.
Personal life
Salome was born to Ilya and Nadia Glücksohn on 6 October 1907 in Danzig, West Prussia (now Gdansk, Poland), then part of the German Empire (figure 1). She was the eldest of three children in a Russian Jewish family. She grew up in Königsberg, East Prussia (which became Kaliningrad, Russia, following partition of Germany after World War II), where her father was a grain merchant. Jews made up only a small percentage of the population of Königsberg, but even as a child Salome was subjected to intense and persistent antisemitism. Her early life was also touched by the dual catastrophes of war and the Spanish flu as her father died in the pandemic when she was only 11 and her mother subsequently suffered the loss of the family money to inflation.
Her family instilled in her the value of education. The school she attended specialized in the classics, where she obtained a strong background in Greek, Latin and the humanities, to the exclusion of the sciences, which were very much neglected. As a classics student at university, she was encouraged to attend lectures outside her area of specialization and began attending scientific lectures out of interest (figure 2). This opened a new world for her, and she soon found that her heart was in the biological sciences. After studying zoology and chemistry for two years in Königsberg and at the University of Berlin, working her way through university with tutoring jobs, Salome was attracted by the experimental work of the eminent embryologist Hans Spemann at the University of Freiburg, where she decided to study. From the very first interview, it was clear that Professor Spemann did not fully approve of Salome, as she was both a woman and a Jew, but he nonetheless agreed to take her on as a graduate student in his department, where she did her thesis work and eventually received a PhD in 1932.
The time in Spemann's lab was a formative period for Salome's life and career. It was a thriving, informal and exciting laboratory focused on investigating mysterious embryological phenomena such as induction and embryonic patterning using experimental manipulations of amphibian embryos. Spemann's international reputation attracted scientists and students from around the world. He had high expectations of his students, high standards of perfection and demanded extremely hard work, especially during the amphibian egg-laying season when the lab buzzed with activity night and day (13).* Spemann had been employing embryo manipulation in his embryological studies since the turn of the century, and in 1924 published a landmark paper with his PhD student, Hilde Mangold (née Proescholdt), that established the 'organizer function' of the dorsal lip of the blastopore. This work eventually resulted in the award to Spemann of the 1935 Nobel Prize in Physiology or Medicine 'for his discovery of the organizer effect in embryonic development' (Hilde Mangold, who might otherwise have shared the prize, died in 1924, the same year her dissertation work was published). When Salome joined the laboratory in 1931, she was given what she bitterly complained was a boring and menial PhD project describing the development of limbs in two species of newts, Triton taeniatus Leyd. and Triton cristatus Laur., while a more favoured male student was assigned the exciting project of limb pattern formation that involved experimental embryo manipulations of the two species. Salome believed that her project was designed to provide background support for the work of her male colleague and that this division of labour was assigned owing to Spemann's prejudice against women. Nonetheless, she persevered and perfected the skills and discipline of accurate observation and attention to detail; the dissertation work composed her first publication in 1931 (1). It is somewhat ironic to realize that this early training in descriptive embryology that she so resented became a bedrock of her entire later career, where she provided novel descriptive studies of a multitude of developmental mutations in mice, putting her tedious training in Spemann's laboratory to good use.
Salome's main advisor in Spemann's lab was Viktor Hamburger, a former graduate student of Spemann's who taught and supervised the institute's laboratory courses (Hamburger, also a Jew, was deprived of his university position in 1933 by the National Socialist Government and subsequently emigrated to the USA). Hamburger significantly influenced Salome's scientific direction and was largely responsible for stimulating her interest in genetics and its relevance for theories of development. This pairing was serendipitous, as Spemann had a philosophical blind spot with respect to genetics and refused to recognize or take into account any genetic considerations in the interpretations of his experimental results. In fact, few embryologists at the time took genetics into account or believed that genes had any influence on developmental processes. In spite of Spemann's 'organicism' approach, verging on vitalism, Hamburger's interest in genetics nurtured Salome's growing realization that the processes of development take place in the context of a particular genotype and that interactions such as induction may well depend on the genetic makeup of the inducing and responding tissues. Hamburger engaged the students in theoretical discussions and arranged joint seminars with the Department of Philosophy, exposing them to ideas on the nature of living organisms and their development. Visitors to Spemann's lab also influenced the thinking of young Salome, notable among them C. H. Waddington (FRS 1947) , who spent six months in the Spemann laboratory in Freiburg in the early 1930s learning embryo manipulation and transplantation techniques and became a life-long friend of Salome's. Waddington was intent on discovering the biochemical nature of inductive interactions, and fully recognized the involvement of genetic mechanisms in developmental phenomena.
In 1932, with her fresh PhD, Salome briefly took a position as a research assistant in cell biology at the University of Berlin before moving back to Freiburg to marry a brilliant and promising young German biochemist, Rudolph 'Rudi' Schoenheimer, who was the head of physiological chemistry at the university. There she was prevented from having a position because of nepotism rules. However, Hitler's rise to power soon made life in Germany untenable for Jewish academics. With the passing of the Law for the Restoration of the Professional Civil Service in 1933 calling for the dismissal of non-Aryans from civil service professions, including university teachers and professors, the newly unemployed couple fled Germany. Rudi, who had earlier recognized the need to leave Germany, had visited the College of Physicians and Surgeons of Columbia University in New York in 1931, and now found a welcoming home there in the biochemistry department of Hans Thatcher Clarke, who provided an academic haven for a number of German and Austrian-trained scientists. Rudi's career thrived and he achieved a measure of personal fame for his technique of isotope tagging of biomolecules and his work on the metabolism of cholesterol. Salome, on the other hand, was unable to obtain a university position on arrival in New York and was unemployed for several years.
In 1936, Salome was given the opportunity to work as a research associate in the laboratory of Leslie Clarence Dunn in the zoology department of Columbia, initially for a year without remuneration owing to the lack of money during the Depression. Dunn believed that scientists had a moral responsibility to society; his experience in the US Army during World War I had a strong impact on his political outlook and he actively supported causes of refugees from Nazi Germany, perhaps one of the reasons he made an academic home for Salome. He also provided an intellectual home that was a perfect match for Salome's nascent interest in the role of genetics in development.
Dunn had started his career in poultry genetics and later moved to the mouse as an experimental model animal. Early on he recognized the importance of chromosomal genes in controlling development at a time when many other embryologists still considered that the cytoplasm determined developmental events. He also recognized the importance of naturally occurring lethal genes and their potential usefulness as tools for developmental analysis. When Salome joined the laboratory, an important line of investigation concerned the genetics of pigment patterns in mice, but Dunn had also begun to explore the genetics, inheritance patterns and embryonic lethality of the T-locus in mice, a project that dominated Salome's research for the next 17 years that she spent in the Dunn laboratory.
At Columbia and other major research institutions of that era, there were generally no regular faculty posts for women in the sciences or any other fields. Although in later years Salome claimed that she was content, indeed 'very happy' being in the Schermerhorn Hall laboratory doing research for $1500 a year and did not give much thought to the limitations imposed on women, it is also true that she questioned why male colleagues were able to climb the academic ladder when she could not. She was told categorically by Dunn and others that there was no chance for her to advance (Zuckerman & Cole 1991) .
In 1938 Salome became a United States citizen. Several years later, she and Rudi Schoenheimer separated. In 1941, Rudi, who had long suffered from bouts of deep depression and preoccupation with suicide, took his own life by ingesting potassium cyanide, tragically cutting short a brilliant career (Stretten 1982). Salome counted him among her strongest supporters and credited him with stimulating her scientific efforts. She recounted a long talk she had with Rudi and Spemann in Freiburg before the couple left Germany, speculating about whether and how the biochemical basis of the organizer could be revealed and trying to devise a joint project (13); it was a collaboration that was not destined to be, but an intellectual exercise that helped shape Salome's future research.
Several years after Rudi's death, Salome married Heinrich Waelsch, a neurochemist at the New York State Psychiatric Institute and Columbia University College of Physicians and Surgeons. Heini, as he was known, was a native of Czechoslovakia who fled the Nazis and landed in New York in 1938. He was instrumental in establishing neurochemistry as a recognized branch of biochemistry. Heini and Salome had two children together: Naomi Barbara (born in 1944) and Peter Benedict (born in 1947) (figure 3). Heini had a warm and generous personality and was devoted to his family. With Heini's full support and the help of a full time babysitter, Salome managed to combine research and child rearing, trying to keep her attention fully focused on the children while at home and fully focused on research while in the lab. Nonetheless, she keenly felt the extra burden placed on women scientists who have families and often expressed feelings of guilt about the conundrum of not spending enough time either with the children or in the laboratory. Heini was strongly supportive of Salome's scientific work and a great stimulus to her thinking. It was he who questioned why she remained in a research associate position and raised her awareness to the anomaly of her not having an academic position. Dunn, who clearly benefited from having Salome in his laboratory, had no inclination to fight Columbia's policy on women faculty and expressed little concern for her career development, even though Salome was becoming well known in scientific circles and was in demand as a speaker and teacher; she spent a summer as a special lecturer in developmental genetics at the Institute of Animal Genetics, University of Edinburgh, in 1948 and was a special lecturer in embryology at Barnard College in 1951.
In 1953 Salome made a bid for independence from Dunn; she applied for and obtained a National Institutes of Health (NIH) grant, and became a research associate in obstetrics and gynaecology (genetics) at the College of Physicians and Surgeons of Columbia University, where she taught genetics. Working with Dunn had been mutually beneficial for both parties, but Salome eventually realized Dunn's dependence on her and that it was not in his interest to promote her career. The only way to climb the academic ladder and realize her dream of having her own laboratory would be to strike out on her own. As a wife and mother of small children, she was committed to staying in New York and, with Columbia precluded as a possibility for advancement, the options were limited. A big opportunity arose, however, with the founding of the Albert Einstein College of Medicine of Yeshiva University. With Heini's help and encouragement, her name was brought to the attention of Ernst Scharrer, the new head of the anatomy department. Sharrer was committed to doing away with academic prejudices against women on faculties of universities and medical schools and eventually appointed three women to his department, including Salome, who became associate professor of anatomy (genetics) in 1955 (figure 4). There she pioneered teaching of medical genetics by establishing what may have been the first formal course in genetics in the country offered as part of a medical school curriculum (11).
She remained at Einstein for the rest of her career, attaining the rank of professor in 1958, just three years after her initial appointment. In 1963, she helped found the Department of Genetics at Albert Einstein College of Medicine and served as chair of the department for the next 13 years. Heinrich Waelsch died of a brain tumour in 1966 after a year of crippling illness. Salome never remarried. In 1978 she became professor emerita while still maintaining a laboratory and mouse colony. Throughout her time at Einstein, she ran a small but productive research laboratory-never more than three to five people-continuing to pursue her interest in how genes control development. By her own assessment, she was not very tolerant, did not delegate easily, and ran her lab with an iron hand. She continued working at the bench and in the mouse house until she was well into her 90s (figure 5). She made it a policy to get into the lab before anyone else and leave after everyone else had gone because she 'didn't trust anybody else'. Starting with raw data and a first draft written by students or postdocs, it was Salome who wrote the final version of every manuscript coming out of the laboratory (Zuckerman & Cole 1991) . Only in later years, when she had to rely on collaborators to provide necessary expertise or technology, did she relinquish some control over manuscript writing.
Salome Gluecksohn-Waelsch came to be considered one of the founders of developmental genetics, a field that did not even exist when she started her studies with Spemann. She recognized her intellectual debt to Spemann, in spite of his views on genetics, his male chauvinism and his antisemitism. She had a lasting respect for Dunn, his concept of the complexity of the gene and his recognition of the role of genes in development, and acknowledged his lasting impact on her scientific attitude and intellectual and social conduct. At the height of her career, 10 years after leaving Dunn's laboratory, Salome dedicated a major paper in the journal Science to Dunn 'in friendship and admiration' (8).
Scientific work
Establishing the field of developmental genetics Salome Glücksohn was initially attracted to Hans Spemann's laboratory because of his pioneering work in experimental embryology in which the experimenter alters the course of development to observe the resulting changes and draws conclusion about the effects of the interference. Although she was disappointed that her assigned project led her into descriptive studies of amphibian development rather than allowing her to learn embryo manipulation, her training in the Spemann laboratory started her life-long love affair with development. By his stubborn refusal to acknowledge the role of genetics in development, Spemann may also have reinforced her budding interest in genetics, as she considered this a serious failing on his part. Upon joining the laboratory of L. C. Dunn at Columbia several years after her forced departure from Germany, Salome was immediately plunged into an environment where genes were considered of paramount importance and where ideas about genetics were expanding beyond the rules of inheritance and mechanisms of transmission of heredity to a consideration of how genes affect adult traits and the development of traits from the earliest stages of embryogenesis. Dunn was crossing the intellectual boundaries between genetics and embryology (10) and the time was ripe for the new field of developmental genetics.
In New York, Salome was introduced to the world of mouse genetics. Dunn had trained at Harvard with W. E. Castle, one of the founders of mouse genetics at the turn of the century, who used natural variation in the mouse to demonstrate that the newly rediscovered rules of Mendel applied to mammals. An important aspect of Castle's, and then Dunn's, approach, which was whole-heartedly embraced by Salome, was their use of naturally occurring genetic mutations, including multiple allelic series such as those available for studying the inheritance of coat colour in mice.
Salome's first published work stemming from her research in the Dunn laboratory was a description of the adult and embryonic development of two tailless mutants in the mouse. In the introduction to this paper, and reiterated many times in later published works, she lays out the idea of using mutations as natural 'experiments' which interfere with development, much like the experimental embryologist would manipulate the embryo to interfere with development. Unlike the experimental embryologist, however, the developmental geneticist (a term that was not yet in common use) was not in control of the timing or nature of the perturbation and would, of necessity, have to study the course of the developmental disturbance to trace it back to the original cause and then, perhaps, be able to draw conclusions on the nature of the 'experiment' carried out by the gene (2). This study was the first of many detailed descriptive studies of mutant phenotypes that formed the basis for the new field of developmental genetics where only an exquisite attention to details of the phenotype could possibly allow one to draw conclusions on the nature of the genetic perturbation and the developmental mechanisms that were perturbed. Salome was well-equipped for this by her training with Spemann. Nonetheless, she never lost sight of the limitations imposed by a purely descriptive approach for uncovering causal relationships and never tired of reminding others that disregard of these limitations could lead to unwarranted conclusions. It was this paper, the first publication after her PhD dissertation and her first solo work from the Dunn laboratory, that was to become a classic of developmental genetics and is largely regarded as one of the pivotal papers establishing this new field (Papaioannou 1999 ). This work, and experiments reported in a series of papers that followed, clearly established the relevancy of genes to embryology and showed the power of using genetic mutations in the study of development. The work also furnished evidence that the gene product involved was an inducer of mesoderm and axial development, providing an inroad for studying the genetic control of the phenomenon of induction in mammals.
The T-complex
During the early part of the twentieth century, the house mouse, Mus musculus, became the premier mammalian model for the study of genetics. The many fancy varieties of mice, cultivated for centuries by enthusiasts (known as the mouse 'fancy'), provided a rich source of genetic variation as they were moved into the laboratory. In her early work in the Dunn laboratory, Salome set about collecting and describing mouse (and rat) mutations that were related to defects of the spine and tail. In her first paper she described the embryonic lethal phenotype of the tailless compound mutants T/t 0 and T/t 1 and subsequently became deeply involved in the study of the T-'locus'. This was partly due to her emphasis on tail and spine abnormalities, but also because of several intriguing genetic features of this locus, which had been studied for over 10 years but remained mysterious. The dominant T mutation, also known as Brachyury (short tail), produced a short-tailed mouse as a heterozygote and was embryonic lethal when homozygous. The recessive t alleles-and there were many different ones, discovered mainly in wild mouse populations-had the strange characteristic of causing transmission ratio distortion, bending Mendel's first law of segregation of genes. Other strange features were the contradictory situation of complementary interaction among alleles resulting in balanced lethality and an interaction on tail length: both T/T and t/t were lethal, whereas T/t animals survive but are tailless. This did not fit with the idea of a gene product being quantitative in character, and hinted at a complex locus; thus, one of the first questions Salome addressed was: are the mutations actually at the same locus? By definition, there is no recombination between alleles of a single locus, and so she carried out breeding studies that resulted in no recombination detected between T, t 0 and t 1 in nearly 7000 offspring. This was strong evidence for the genes being at the same locus and suggested that this single locus might affect different developmental processes, since the mutations complemented one another, or different parts of the same developmental process (3). Despite this strong circumstantial evidence, Salome kept an open mind and was careful to point out that the lack of recombination did not prove alleleism, even though some others in the field held stubbornly to this belief. Some years later the complexity of the 'locus' was revealed by the discovery of rare recombination events, although there was still no plausible explanation for the other mysterious features of the locus (7).
It was not until the mid 1980s, with the discovery of chromosomal inversions in the region that have the effect of repressing chromosomal recombination, that the t alleles and T were recognized as separate, unrelated genes at different loci, with effects on different aspects of the phenotype, but held together through lack of recombination as 'thaplotypes'. Over the years, Dunn and Salome contributed greatly to the dissection of the genetics of what became known as the T-complex on chromosome 17, discovering and describing the phenotype and inheritance of new alleles, studying interactions among the alleles, documenting their complementation and describing their effects on different characteristics such as lethality, tail length, male fertility and transmission ratio distortion.
One can only imagine the considerable virtuosity in managing the breeding colony that must have characterized the Dunn mouse house. This body of painstaking documentation was a treasure trove of information when molecular genetic techniques made possible the integration of existing genetic and developmental studies, finally allowing the mysteries of the T-complex to be revealed (Silver 1985) .
Tail and spinal abnormalities
Although the peculiarities of the T-locus were a constant reminder of the complex nature of the genetic region, Salome's embryological work focused on the morphological defects in the spine and tail and considered the role of T in conjunction with a number of other genes that also affected development of these structures. From her first description of the T/t balanced lethal mice and from the earlier description of T/T embryos by Paul Chesley, with whom Dunn had studied, Salome began to formulate ideas on possible causal relationships, noting that the earliest morphological defects were in the notochord in the region of the hindgut and only later did defects in the neural tube and tail appear. Cautious as always not to over interpret the data, she stated that while not conclusive, the results pointed in the direction of a primary effect on notochord leading to a secondary effect on neural tube and, furthermore, if a causal relationship could be established in the development of the malformed structures, then one would be justified in drawing conclusions on the causal relationships of the structures in normal development. The experimental embryological approach used in amphibians to demonstrate the importance of the notochord in the normal development of axial structures was now complemented by the mutational, developmental genetics approach where an experiment of nature revealed a similar mechanistic, inductive relationship in mammals.
Further studies of T/T mutants as well as mutations at different loci affecting spine and tail, among these Danforth's Short Tail (Sd), urogenital (u or ur), and Kinky (Ki), soon revealed a similar set of developmental abnormalities in the axial system and the urogenital systems, which could be considered hereditary syndromes. Salome inferred from her work that an inductive relationship existed by which the development of the posterior gut and the urogenital system is connected with the development of the axial system (4) and that this relationship can be disrupted by a number of different genes. In other words, multiple genes can affect the same developmental pathway, resulting in similar syndromes but with distinct primary gene effects.
The Ki mutation, which produced a short, kinky tail in heterozygotes, was of particular interest for its homozygous lethal phenotype. Embryos die in early gestation with partial duplications of axial structures or complete twinning (figure 6), indicating a fundamental disturbance of the organizing processes of the early embryo, pointing again to a disturbance of the notochord-mesoderm relationships. The characteristic presence of an unorganized mass of tissue in twinned Ki/Ki embryos, in analogy with experimental results in amphibians, was interpreted as an embryonic duplication that did not come under the influence of an organizer. Thus, the study of the Ki homozygous mutants provided confirmation of the existence of organizer phenomena and inductive interrelationships in the mouse that were known to function in amphibians and birds (6).
Developmental syndromes and pleiotropy
Another mutant, Sd, had a strong influence on Salome's ideas on the nature of pleiotropic gene effects and on the philosophical discussions surrounding this topic (the definition of pleiotropy is two or more apparently unrelated effects of a single gene; how this comes about was in question). Sd is inherited as a simple dominant gene that is embryonic lethal when homozygous and semi-lethal when heterozygous, with effects on spine and tail development but also causing abnormalities of the urogenital and gastrointestinal systems. Salome described these many abnormalities and reported that this was the only known case of simple inheritance resulting in such severe and varied malformations in mammals. The nature of pleiotropic effects of single genes was poorly understood and much debated at the time. Hans Grüneberg (FRS 1956 ) postulated that true pleiotropism did not exist and that the primary gene action was either cell-or tissue-specific. Elizabeth S. Russell, who worked on the W series of alleles which affected germ cells, blood cells and pigment cells, pointed out the logical possibility that the same original gene product could well be active in two or more different cell types. Salome speculated on the developmental nature of the Sd pleiotropic effects, questioning whether one common cause was responsible for malformations in the different organ systems or whether they were separately affected without any causal connection, concluding that it was impossible to determine whether or not there was a common cause for the syndrome without a better understanding of the nature of the gene effect. She went further to argue that the primary action of genes concerns physiological processes and that 'due to this interdependence [of all parts of the organism during embryogeny] the process or processes singled out and acted upon by any one gene might find expression in cells or in tissues or in organs or in two or three of them simultaneously' (5). Furthermore, in thinking of the developing embryo as a dynamic system, she pointed out that different parts of the embryo may be more or less reactive to a gene action during the particular time that the gene action took place. This is a surprisingly modern view, encompassing ideas of inductive interactions and differential timing of gene expression that continue to dominate developmental genetics today. As her views on pleiotropy evolved, she voiced the opinion that mutation of any gene is likely to have multiple effects because of the complexity of functional and morphological phenomena; investigation of a primary abnormality due to mutation may reveal links in the chain of normal processes and interrelationships between different processes of development and differentiation of a tissue or organ.
Physiological genetics; the albino deletions
In the late 1960s, Salome began what was to be a long and fruitful collaboration with Carl F. Cori ForMemRS, a Nobel-prize-winning biochemist then at Harvard Medical School, and Robert P. Erickson, then a paediatrics resident at Einstein, on the genetic regulation of enzyme synthesis. The starting point of this collaboration was an interest in the lethal effects of a number of radiation-induced 'alleles' at the albino (C) locus, newly discovered as the result of mutation-rate studies at Harwell in the UK and Oak Ridge National Laboratory in the US. The new alleles behaved as alleles of C, but, unlike all other alleles of this locus, they were embryonic lethal with morphological defects in thymus and kidney development and a deficiency of the enzyme glucose-6-phosphatase, resulting in severe hypoglycaemia. Additional alleles provided evidence of other liver enzyme deficiencies as well. The correlation between the morphological and biochemical effects was not at all obvious considering the already-known primary genetic effect of the albino locus on the enzyme tyrosinase, which is unrelated to glucose-6-phosphatase, favouring the interpretation that these might not be true alleles at the C locus. Eventually, the different mutations were found to fall into complementation groups based on phenotype, suggesting overlapping deletions of genomic regions although no deletions were visible with the current chromosomal visualization techniques. In 1974, the introduction of Giemsa-banding karyotypes finally allowed Salome to detect a visible deletion in mice heterozygous for one of the C alleles. This was the first cytological proof of the existence of a deletion in a mitotic chromosome in mouse. Shortly thereafter, she was able to demonstrate that deletion accounted for the other alleles by cytological observations in pachytene meiotic cells, the first identification of a deletion in mammalian pachytene stages (9) .
Detailed investigations of one of the deletions revealed ultrastructural defects in liver parenchymal cells as well as a panoply of additional liver enzyme deficiencies; fully half of the 20 liver enzymes tested were dramatically reduced. The lack of gene dosage effect and the fact that the structural genes for some of the enzymes were located on different chromosomes were indications that the deficiencies were regulatory rather than structural in nature. Salome hypothesized that there was a cluster of regulatory genes in this region that exerted trans-acting regulatory effects on liver-specific enzyme and protein genes. She called the products of these hypothetical regulatory genes 'hepatocyte specific developmental regulators' (hsdr) (12) . Molecular genetics eventually solved the mystery of the multiple liver defects in the albino deletions with the discovery of the disruption of the structural gene for fumarylacetoacetate hydrolase (Fah), an enzyme that catalyses the last step in the degradation of tyrosine. Absence of this enzyme leads to the build-up of tyrosine metabolites, resulting in toxic effects that affect liver metabolism. Experimental gene targeting and transgenic approaches demonstrated that disruption of this gene alone was sufficient to result in the developmental syndrome (Holdener & Magnuson 1994) .
It is interesting that in the case of the T-complex Salome held out the possibility that there were multiple loci contributing to the phenotype, which turned out to be the case, whereas with the albino deletions, she postulated a cluster of master separate regulatory genes that instead turned out to be the pleiotropic effects of mutation of a single gene. Whether she turned out to be right or wrong, the reasoning behind her hypotheses was always clearly laid out in an undogmatic manner and alternatives were carefully considered and not rejected with insufficient evidence. Salome laid the theoretical and practical groundwork for the integration of genetic and developmental studies when the newly burgeoning field of molecular biology turned its attention to development. Her work is characterized by precision, exquisite observational skills, intellectual honesty and intense curiosity. Every scientific paper is a joy to read for clarity of thought, open mindedness and lack of ambiguity. She never lost sight of her goal of digging down to the primary gene action and was occasionally frustrated by technological limitations to her own work and by the seemingly slow recognition by molecular biologists of the great genetic and developmental resources available finally to achieve that goal. She lived to see the molecular revolution and the beginning of the age of transgenic animals and gene targeting, the explosion of gene identification and the tracing of developmental mutant phenotypes back to primary effects on the biochemical and molecular attributes of the respective gene products. It was a lifetime away from that early planning session with Rudi Schoenheimer and Hans Spemann trying to devise a plan to biochemically define the inducer (13), but a goal she worked towards her entire life.
Social responsibility
As a schoolgirl during a time of polarizing social movements, Salome identified with the Zionist Youth Movement as a counter to her swastika-wearing classmates' German fascism. This began a life-long identification with social causes and in fighting oppression of any minorities. But she later became disillusioned with Zionism when her youthful ideas of Arabs and Jews living peacefully together in Palestine did not materialize. She maintained a strong connection with Palestine/Israel, however, as her mother, brother and uncle emigrated there from Germany.
When it came to her profession, Salome believed that scientists had a responsibility to society and an obligation to enlighten the public by translating technical terminology and scientific discoveries into language understandable to the layperson. She also recognized the need for scientists to consider the ethical implications of their work. One example of this was her investigation of the possible teratogenic effects of a component of Agent Orange, a defoliation agent used in the Vietnamese war. She examined photographs and medical records of exposed women and found an excess of birth defects in their offspring. She saw this as an illustration of the potential for inhumane use of scientific discoveries and felt it her duty to increase awareness of the teratogenic effects and to enlighten the public whenever possible. of Achievement Award from Albert Einstein's National Women's Division; and the Thomas Hunt Morgan Medal of the Genetics Society of America, recognizing a lifetime contribution to the science of genetics (1999). In 1993, she received the highest national scientific honour of the United States, the National Medal of Science in Biological Sciences of the National Science Foundation 'For her lifetime of work on developmental genetics, providing a large body of knowledge on the study of mammalian genetics' (National Medal of Science citation), which was presented to her by President William J. Clinton and Vice President Al Gore (figure 7). In 1995 she was elected as a Foreign Member to the Royal Society in London.
Salome received numerous honorary degrees, including one from Yeshiva University, but two stand out as particularly poignant. One of those was a Doctor of Science degree Honoris Causa from Columbia University (1995), a somewhat belated recognition of her accomplishments. The other came from her alma mater in Germany. On the fiftieth anniversary of her graduation, the University of Freiburg awarded Salome a Golden Diploma in recognition of her lifetime of distinguished achievements. Salome accepted this honour in absentia and with reservations, as she expressed in a letter that was read out at the ceremony, indicating her gratitude for the recognition, tempered by bitterness (from the Albert Einstein College of Medicine Archive):
I cannot accept the recognition of this anniversary as though the 50 years since the date of my promotion had passed smoothly, and without remembering the Holocaust and its impact. I regret the tendency to forget and deny the tremendous human and political upheavals of the past halfcentury and to celebrate anniversaries as though nothing had happened. To give expression to this regret is my duty towards all of those who suffered under the Nazi regime, among them the man whose name our medical school carries with the greatest pride.
After her death, looking to repair past injustices, the Einstein College of Medicine (Department of Genetics) joined with the Spemann Graduate School of Biology and Medicine at the Albert-Ludwig's University of Freiburg to establish an annual prize honouring Salome Gluecksohn-Waelsch. Its purpose is to further exchange of ideas, to build bridges and to open doors for promising scientists at the start of their career.
